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Understanding the molecular basis of the distinct biological properties of Spodoptera exigua multicapsid nucleopolyhe-
drovirus (SeMNPV), such as its narrow host range and high virulence, requires detailed information on the temporal
expression and subcellular localization of SeMNPV gene products. The expression of two unique SeMNPV ORFs, 116 (Se116)
and 117 (Se117), which show 45% amino acid similarity, was analyzed. Se116 and Se117 were expressed both in cultured cells
and in larvae of S. exigua as polyadenylated transcripts of 0.80 and 0.75 kb, respectively. These transcripts initiated from
ATCA(G/T)T promoter motifs, commonly found for baculovirus early genes. Se116 transcripts were detected with increasing
abundance from 8 to 48 h p.i., whereas Se117 transcripts were present from 4 h p.i. and most abundantly at 24 h p.i. Western
blot analysis of infected Se301 cells revealed 27- and 23-kDa proteins for Se116 and Se117, respectively. C-terminal
GFP–fusion proteins of Se116 and Se117 were primarily localized in the nucleus of Se301 cells. When Se301 cells were
infected with SeMNPV, both GFP–fusion proteins were localized in the virogenic stroma of the nucleus. While the function
of the Se116 protein is still enigmatic, the Se117 protein appeared to be a structural protein associated with nucleocapsids
of occlusion-derived SeMNPV virions but not of budded virus. © 2001 Academic PressKey Words: baculovirus; SeMNPV; Se116; Se117; transcription; temporal expression; subcellular localization; ODV;
nucleocapsid.INTRODUCTION
The baculovirus Spodoptera exigua multicapsid nu-
leopolyhedrovirus (SeMNPV) is highly pathogenic for
he beet army worm. This insect causes significant crop
amage and economic losses (Federici and Maddox,
996). SeMNPV differs from many other NPVs infectious
or this insect in having an extremely narrow host range,
imited to S. exigua, and a relatively high virulence
Smits, 1987). These biological characteristics make
eMNPV a successful alternative for chemical insecti-
ides. To optimize its application, it is important to un-
erstand the molecular basis of host specificity and
irulence and hence the relation of specific SeMNPV
enes with these characteristics.
The complete sequence and genetic organization of
he SeMNPV genome have recently been elucidated
IJkel et al., 1999). Comparison of the coding potential of
SeMNPV with other completely sequenced baculovi-
ruses (Ayres et al., 1994; Gomi et al., 1999; Ahrens et al.,
1997; Kuzio et al., 1999; Chen et al., 2001; Hayakawa et
al., 1999; Hashimoto et al., 2000) revealed a total of 16
ORFs unique to SeMNPV. None of the unique SeMNPV
genes has yet been studied in detail. Two of these,1 To whom reprint requests should be addressed. Fax: 31-317-
84820. E-mail: Just.Vlak@medew.viro.wau.nl.
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170SeMNPV ORF116 (Se116) and ORF117 (Se117), are likely
active genes since they (i) contain baculovirus early
promoter motifs (IJkel et al., 1999), indicative for possible
transcription by host and/or viral RNA polymerases, and
(ii) are not located in the genome region that possesses
nonessential genes since it is rapidly and frequently
deleted during passage of SeMNPV in cell culture (Hel-
dens et al., 1996).
Se116 is located between nt 114465 and 115142 and
encodes a putative protein of 225 amino acids (aa) with
a predicted molecular weight of 26.3 kDa (IJkel et al.,
1999). Se117 is located next to Se116, between nt 115249
and 115824, and encodes a putative protein of 191 aa
with a molecular weight of 22.5 kDa. Both genes have the
same polarity as the polyhedron gene. The genes are
located in between SeMNPV homologs of Autographa
californica (Ac) MNPV ORF38 (p47) and ORF40. An
AcMNPV ORF39 homolog is absent in SeMNPV (Ayres et
al., 1994; IJkel et al., 1999) as well as in many other
baculoviruses. To date, the function and significance of
AcMNPV ORF39 or its homolog in BmNPV are unknown
(Gomi et al., 1999).
To elucidate the molecular basis of the distinct biolog-
ical properties of SeMNPV with respect to other baculo-
viruses detailed information on the temporal expression,
subcellular localization and function of the SeMNPV-
specific genes is essential. Here, we report on the tran-
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171ANALYSIS OF Se116 AND Se117scriptional and translational analysis of the unique
SeMNPV ORFs 116 and 117. We have raised antibodies
against the Se116 and Se117 proteins, and this allowed
the analysis of their expression and subcellular localiza-
tion. The Se117 protein appeared to be a novel occlu-
sion-derived virion protein, whereas a function could not
(yet) be assigned to Se116.
RESULTS
SeMNPV ORF116 and ORF117
Appropriate searches of protein databases showed
that the putative Se116 and Se117 proteins are unique to
SeMNPV and have no homologs in other biological sys-
tems. Surprisingly, Psi-blast searches (Altschul et al.,
1997) and Gap alignment revealed that the predicted
amino acid sequence of Se116 shares 45% similarity and
29% identity with Se117 (Fig. 1). Except for the N termini,
the conserved residues are equally distributed through-
out the Se116 and Se117 sequences. Furthermore, the
Se116 protein has, in contrast to the Se117 protein, an
additional hydrophilic C-terminal domain, which is pro-
line and glutamine rich. Analysis of both predicted amino
acid sequences did not identify any recognizable motifs,
transmembrane regions, GPI anchors, or signal pep-
tides. According to the NNCN score analysis (Reinhardt
and Hubbard, 1998), both proteins are probably localized
in the nucleus of the cell. Blast searches revealed that
the identified homology is present only in the amino acid
sequence and not in the nucleotide sequence, suggest-
ing that a recent gene duplication is not the likely cause
of existence of these two homologous genes next to one
another. More likely is a tandem insertion at this position.
Both ORFs are present in the forward orientation in the
genome (IJkel et al., 1999).
The regions upstream of Se116 and Se117 were ana-
FIG. 1. Alignment of the predicted amino acid sequences of the Se116
with dashes. Shading is used to indicate the occurrence of identical (lyzed for the presence of possible transcription start
sites [TATAA], baculovirus consensus early promoter mo-tifs [ATCA(G/T)T and CGTGC] (Blissard and Rohrmann,
1990; Pullen and Friesen, 1995; Carstens et al., 1993),
baculovirus late transcription start site [DTAAG] (Blissard
and Rohrmann, 1989), downstream activating elements
[(A/T)CACNG] (Friesen, 1997) and host factor binding
sites [GATA and CACGTG] (Kogan and Blissard, 1994). An
early gene transcription motif (TATAA-N23-ATCAGT) was
ound 64 nt upstream of the putative translational start of
e116 (Fig. 2). A polyadenylation signal sequence
AATAAA) was identified only 2 nt downstream of the TAA
top codon of Se116 (Fig. 2). The Se117 59 upstream
equence includes two early gene transcription motifs
TATAA-N13-TGCATT) starting at 287 and (TATAA-N24-AT-
CATT) at 269 nt relative to the translational start codon
(Fig. 2). A polyadenylation signal sequence was identi-
fied 32 nt downstream of the TGA stop codon of Se117
(Fig. 2). This computational analysis suggests that both
ORFs may be active genes.
Northern blot and RT–PCR analysis of Se116 and
Se117 transcripts
Temporal regulation of the Se116 and Se117 tran-
scripts was examined by Northern blot analysis and
RT–PCR using total RNA isolated from SeMNPV-infected
Se301 cells as template. This analysis would also pro-
vide information about the number and sizes of the Se116
and Se117 transcripts. For Se116, a single transcript of
0.8 kb was detected at 8 h p.i. and remained detectable
until 48 h p.i. (Fig. 3A). Northern blot analysis of Se117
revealed one major transcript at 0.75 kb (Fig. 3B). This
transcript was detectable at 4 h p.i., reached maximal
transcription levels at 24 h p.i., and steady state levels
remained high until 48 h p.i. The transcript sizes of 0.8
and 0.75 kb are compatible with predicted ORF sizes of
678 nt for Se116 and 576 nt for Se117, respectively (IJkel
117 proteins. Gaps, introduced to optimize the alignment, are indicated
r substitutional (gray) amino acids.et al., 1999). The size of the Se116 and Se117 transcripts
suggests that both transcripts were most likely polyade-
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172 IJKEL ET AL.nylated, assuming that the putative early promoter se-
quences were used as transcription start sites. Twenty-
four h p.i., a second 1.4-kb transcript appeared and re-
mained visible until 48 h p.i. using a Se117-specific
riboprobe. The latter transcript is interpreted as a read-
through from the Se117 gene, since no 1.4-kb transcript
was detected at similar time points p.i. using the Se116-
riboprobe. The observed bands at 1.9 kb (Figs. 3A and
3B) and 0.2 kb (Fig. 3A) are nonviral since they also
appear in the mock infected lane and are probably de-
rived from rRNA (18S and 5S).
RT–PCR was performed to confirm independently the
results of the Northern blot analysis and to obtain further
information about the temporal regulation of the tran-
scripts at earlier times. One primer internal to Se116
(Se116SP1; Fig. 2) or Se117 (Se117SP1; Fig. 2) and the
PCR anchor primer were used to amplify fragments of
650 and 475 bp, respectively (Figs. 3C and 3D). The
obtained RT–PCR fragments appeared to be specific for
Se116 and Se117 upon hybridization with a Se116- and
Se117-specific riboprobe, respectively (Figs. 3C and 3D).
Consistently, Se116 gene sequences were amplified at
4 h p.i., which was increased at 8 h p.i. and remained at
steady-state level up to 72 h p.i. (Fig. 3C). Se117 gene
sequences were also amplified at 4 h p.i., peaked at 24 h
p.i., and remained detectable until 72 h p.i. (Fig. 3D).
Thus, both Se116 and Se117 are most likely early genes
according to the current view on early vs late transcrip-
tion (Friesen, 1997).
To investigate if Se116 and Se117 were also tran-
scribed during SeMNPV infection in S. exigua larvae (in
ivo infection), RT–PCR was performed on RNA isolated
rom fat body tissue. The RT–PCR products obtained
ere cloned into pGEM-T, and two clones of each were
equenced. The obtained sequences matched, as ex-
ected, the Se116 or Se117 sequences. Both Se116 and
e117 gene sequences were amplified at 48 and 72 h p.i.
Figs. 3E and 3F), indicative of the presence of Se116 and
e117 transcripts at those times p.i. Thus, both ORFs
ere transcribed not only upon infection of cultured
nsect cells but also upon in vivo infection. Furthermore,
he obtained RT–PCR fragments indicate that both tran-
cripts contain a poly(A) tail, since the oligo-dT anchor
rimer was successfully used to synthesize first-strand
DNA of these ORFs.
ranscriptional mapping of the 59 end of the Se116
nd Se117 transcripts
The 59 end of the Se116 and Se117 transcripts was
etermined by 59 RACE analysis with total RNA isolated
t an early and late time point p.i. from Se301 cells. A
ingle cDNA was detected at all early and late times
ested for both Se116 and Se117 transcripts. The startFIG. 2. The SeMNPV ORF116 and ORF117 genomic region,
from nucleotides 114361 to 115920 (IJkel et al., 1999). Location
f TATA boxes, baculovirus consensus early initiation motif
TCA(G/T)T, polyadenylation signal, start and stop codons are de-
oted in bold. The sequences of the primers used for RT–PCR and
9 mapping (Se116SP1, Se117SP1) and 59 mapping (Se116SP2, 3, 4
and Se117SP2, 3, 4) are underlined. The determined transcriptional
start site for the Se116 and Se117 transcripts are indicated with anite of Se116 transcription maps 36 nt upstream of the
TG translation initiation codon at first A in the sequence
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173ANALYSIS OF Se116 AND Se117ATCAGT (Fig. 2). The start site of Se117 transcription was
located 12 nt upstream of the ATG start codon, at first A
in the sequence ATCATT (Fig. 2). Thus, the Se116 and
Se117 transcripts initiated within a baculovirus consen-
sus early promoter motif.
The Se116 and Se117 early promoters were further
investigated using cycloheximide to inhibit protein
synthesis. In the presence of this inhibitor in the
FIG. 3. Temporal expression of the Se116 and Se117 transcripts. (A a
hybridization bands is indicated on the right. (C and D) The left panels
RNA extracted from SeMNPV-infected Se301 cells obtained under the
hybridization patterns of the obtained RT–PCR bands using Se116 and
RNA extracted from SeMNPV-infected S. exigua fat body tissue. Time
marker) are indicated in kb.medium of infected cells only, immediate early pro-
moters are transcribed, i.e., by host RNA polymerases.
s
dBoth Se116 and Se117 transcripts were absent in
RT–PCR analysis at 4, 8, and 16 h p.i. in the presence
of 100 mg/ml cycloheximide (results not shown), a
oncentration at which protein synthesis is largely
nhibited (Ross and Guarino, 1997). This was in con-
rast to cells infected in parallel but not treated with
ycloheximide. So, Se116 and Se117 are not immedi-
te early genes since immediate early protein synthe-
orthern analysis of Se116 and Se117, respectively. The size of specific
RT–PCR analysis of Se116 and Se117, respectively, performed on total
onditions as those in (A) and (B). The right panels of (C) and (D) show
iboprobes, respectively. (E and F) RT–PCR analysis performed on total
re indicated above the lanes (Mi, mock infected). Size standards (M,nd B) N
show
same c
Se117 ris was required for their transcription but most likely
elayed early.
da
174 IJKEL ET AL.Transcriptional mapping of the 39 end of the Se116
and Se117 transcripts
The 39 end of the Se116 and Se117 transcripts was
etermined by sequencing the 39-specific RACE–PCR
fragments obtained after RT amplification of total RNA
purified from Se301 cells or S. exigua fat body tissue at
various times p.i. The obtained sequences indicated that
the 39 ends of the transcripts isolated from cultured
insect cells are identical to those isolated from fat body
tissue and showed little or no variation in their poly(A)
attachment sites. The 39 end of the Se116 transcript was
located 25 nt downstream of the stop codon at the
second T in the sequence TAAT (Fig. 2). A conventional
mammalian polyadenylation signal, consisting of an
AATAAA motif and 20–30 nt downstream a diffuse (G)U-
rich sequence, is located 2 nt downstream of the stop
codon. The 39 end of the Se117 transcript was mapped
53 nt downstream of the stop codon at the C in the
sequence ATGC (Fig. 2). A single conventional mamma-
lian polyadenylation motif is present 32 nt downstream of
the stop codon. Hence, the Se116 and Se117 transcripts
ended, respectively, 18 and 16 nt downstream of the
AATAAA motif. These results suggest that the conven-
tional mammalian polyadenylation signal was used for
the termination of SeMNPV transcripts in both Se301 and
S. exigua fat body cells. Taken together, the data of the 59
nd 39 end mapping predict transcript sizes of 739 and
641 nt for Se116 and Se117 [excluding the poly(A) tail],
respectively. The expected sizes are in agreement with
the 0.8- and 0.75-kb sizes determined by Northern blot
analysis for the major transcripts of Se116 and Se117,
respectively, assuming a poly(A) tail of 100–150 nucleo-
tides.
Immunodetection of the Se116 and Se117 proteins in
infected cells
The Se116 and Se117 proteins have predicted molec-
ular weights of 26.3 and 22.5 kDa, respectively. Antibod-
ies were prepared by immunization of rabbits with
PREP–cell purified Se116 or Se117 protein produced in
Escherichia coli. Western blot analysis of extracts of
SeMNPV-infected Se301 insects cells showed a specific
protein of 27 kDa at 48 and 72 h p.i. for the Se116
antiserum (Fig. 4A). The size of the 27-kDa protein is in
agreement with the predicted 26.3-kDa size of the puta-
tive Se116 translation product, suggesting that no major
posttranslational modification occurred. Overexposure
did not reveal this specific 27-kDa protein earlier than
48 h p.i. A ;46-kDa protein was detected from 4 until
48 h p.i. (Fig. 4A) using the same Se116 antiserum. This
protein should be considered to be of nonviral origin,
since it also appeared in mock-infected cells.
Western blot analysis of extracts from SeMNPV-in-
fected Se301 cells revealed a specific polypeptide with
an apparent size of 23 kDa when using the Se117 anti-serum (Fig. 4B). This size is in agreement with the pre-
dicted 22.5-kDa size of the putative Se117 translation
product, suggesting that no major posttranslational mod-
ification occurred. The protein was detected from 8 until
72 h p.i., with a maximum at 48 h p.i. This is in agreement
with transcription data for Se117 (Fig. 3B). The Se117
antiserum showed some cross-reactivity to a ;30-kDa
protein that should be considered to be nonviral, since it
also appeared in mock-infected cells (Fig. 4B).
Localization of the Se116 and Se117 proteins in
insect cells
The subcellular localization of the Se116 and Se117
proteins was investigated using C-terminal GFP–fusion
constructs. These GFP–fusion constructs were made in
plasmid p166BRNX-AcV5 (IJkel et al., 2000). As a nega-
tive control, GFP alone was cloned in the same vector.
Se301 cells were transfected with 5 mg plasmid DNA,
incubated for 48 h, and examined for fluorescence by
FIG. 4. Western blot analysis of the Se116 (A) and Se117 (B) proteins
in SeMNPV-infected Se301 cells (70,000 cells/lane). The corresponding
times p.i. are indicated above the lanes (Mi, mock infected). The Se116
and Se117 proteins were identified using the Se116 and Se117 poly-
clonal antiserum, respectively, and detected with a chemiluminescent
substrate. Size standards are indicated in kDa and immunoreactive
proteins are indicated by arrows.confocal laser scanning microscopy. The non-fused GFP
protein showed homogeneous fluorescence in the cyto-
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175ANALYSIS OF Se116 AND Se117plasm and nucleus (Fig. 5A). However, the Se116 and the
Se117 GFP–fusion proteins were primarily localized in
the nucleus (Figs. 5B and 5C). Thus, the discrete patterns
of fluorescence are due to the linked Se116 and Se117
sequences and are consistent with their computer-pre-
dicted nuclear localization (Reinhardt and Hubbard,
1998). A few discrete foci of fluorescence were also
observed in the cytoplasm for the Se116 GFP–fusion
protein (Fig. 5B).
The localization of the Se116 and Se117 proteins dur-
ing infection was also investigated to obtain further in-
sight into their function. Se301 cells were transfected
with p166Se116-GFP or -Se117-GFP and 24 h later in-
FIG. 5. Localization of the Se116 and Se117 GFP–fusion proteins in
ith the control plasmid p166AcV5-GFP (A), the plasmid p166AcV5-Se11
ere examined by confocal laser scanning microscopy for fluorescen
nfected 24 h posttransfection. At 48 h p.i., the cells were examined
icrographs are shown to the right of the fluorescence graph. Overlay
elow the fluorescence micrographs.fected by SeMNPV with a m.o.i. of 10. Cells were incu-
bated for 48 h p.i. and examined for fluorescence byconfocal laser scanning microscopy. When GFP was not
linked to either the Se116 or the Se117 protein, fluores-
cence was uniformly present throughout the cytoplasm
and nucleus (Fig. 5D). The Se116 GFP–fusion protein,
however, was primarily localized in the center of the
nucleus of infected cells in a network of granular mate-
rial, known as the virogenic stroma (Fig. 5E). Further-
more, fluorescence was also observed in the periphery
of the nucleus along the nuclear membrane. This often
ring-shaped fluorescence colocalizes with that of hetero-
chromatin, which is displaced and marginalized by the
emerging stroma (Williams and Faulkner, 1997). No fluo-
rescence was observed in polyhedra. A few discrete foci
cells without or with SeMNPV infection. Se301 cells were transfected
B), or with p166AcV5-Se117GFP (C). At 48 h after transfection, the cells
01 cells were transfected as in (A), (B), or (C) (D–F, respectively) and
nfocal laser scanning microscopy for fluorescence. Phase contrast
raphs of the fluorescence and phase contrast micrographs are shownSe301
6GFP (
ce. Se3
by coof intense fluorescence were observed in the cytoplasm
(Fig. 5E) as was also observed in the absence of
ga
t
176 IJKEL ET AL.SeMNPV infection (Fig. 5B). For Se117-transfected and
-infected Se301 cells, intense fluorescence was ob-
served in the center of the nucleus cells in the virogenic
stroma (Fig. 5F). Although more difficult to observe, due
to absorption and/or distortion of the fluorescence by the
electron-dense polyhedra components, the Se117 GFP–
fusion protein was also detected in polyhedra (Fig. 5F).
Immunodetection of the Se116 and Se117 proteins in
BV and ODV
To investigate further if the Se116 and Se117 proteins
are structural components of SeMNPV, Western blot
analysis of budded virus (BV) and occlusion derived virus
(ODV) was conducted. Equivalent amounts of BV- or
ODV-derived protein were loaded on SDS–PAGE (data
FIG. 6. Western blot analysis of the Se116 (A) and Se117 (B) proteins
in BV and ODV. BV and ODV (10 mg/lane) represent isolated SeMNPV
budded virus and alkali-disrupted occlusion derived virus, respectively.
(C) SDS–PAGE and Western blot analysis of the Se117 protein in
SeMNPV ODV, ODV nucleocapsid (NC) and envelope (E) fractions (10
mg/lane). The sizes of two NC (30 and 37 kDa)-specific and two E (43
and 48 kDa)-specific proteins are indicated on the left. The Se116 and
Se117 proteins were identified using the Se116 and Se117 polyclonal
antiserum, respectively, and detected with a chemiluminescent sub-
strate. Size standards (in the centre) are indicated in kDa and immu-
noreactive proteins are indicated by arrows.not shown). The Se116 protein was not detected in prep-
arations of BV or ODV (Fig. 6A). The Se117 protein (23
F
ikDa), however, was detected in ODV but not in BV (Fig.
6B). Thus, the 23-kDa Se117 translation product ap-
peared to be an ODV-specific protein.
The location of the Se117 protein in ODV was deter-
mined by Western blot analysis of nucleocapsid (NC) and
envelope (E) fractions prepared in the presence of pro-
tease inhibitors. The purity of the ODV NC and E fractions
was tested by SDS–PAGE analysis only (Fig. 6C) since no
antibodies for SeMNPV ODV NC- or E-specific proteins
are available. The banding pattern of the NC and the E
fraction was distinct (Fig. 6C). Furthermore, the two ma-
jor SeMNPV ODV NC proteins (31 and 37 kDa) were
absent in the E fraction, whereas the two major E pro-
teins (41 and 46 kDa) were absent in the NC fraction (Fig.
6C). Therefore, both fractions were considered to be
sufficiently pure.
When ODV fractions were prepared in the absence of
protease inhibitors, the Se117 protein could be detected
neither in the NC nor in the E fraction but was present in
unfractionated ODV (results not shown). This suggests
that upon N-P40 fractionation of SeMNPV ODV the Se117
protein was degraded probably by a proteolytic activity.
When ODV was fractionated in the presence of a cocktail
of protease inhibitors, a major 23-kDa band was de-
tected in the NC fraction, whereas only a very small
amount was present in the E fraction (Fig. 6C). Thus, the
23-kDa Se117 protein was predominantly present in the
NC fraction.
DISCUSSION
In this study, we report the temporal transcription and
translation of Se116 and Se117 and the subcellular local-
ization of their products. Both genes are unique to
SeMNPV and may encode proteins; these facts explain
the unique characteristics of this virus. Northern blot
analysis indicated that Se116 and Se117 transcript levels
increased significantly from 4 till 48 h p.i, and remained
at steady-state levels throughout infection (Fig. 3). This
suggests that the early nature of the ATCA(T/G)T pro-
moter does not exclude transcription by the viral RNA
polymerase at time points late in infection. Similar tran-
scription patterns were observed for other baculovirus
early genes, such as the AcMNPV pnk/pnl and lef4
enes, the BmNPV bro genes, and the ie1 genes of
AcMNPV, OpMNPV, and LdMNPV (Durantel et al.,
1998a,b; Kang et al., 1999; Pearson and Rohrmann, 1997;
Pullen and Friesen, 1995; Theilmann and Stewart, 1993).
Transcriptional mapping of Se116 and Se117 (Fig. 2)
showed that both genes have transcription start and stop
sites similar to those of other baculovirus early genes,
such as the LdMNPV genes ie1, g22, and vPK (Pearson
nd Rohrmann, 1997; Bishoff and Slavicek, 1994, 1995),
he AcMNPV ie1, pnk/pnl, and lef4 genes (Pullen and
riesen, 1995; Durantel et al., 1998a,b), and the OpMNPV
e1 and opep-2 genes (Theilmann and Stewart, 1993;
177ANALYSIS OF Se116 AND Se117Shippam et al., 1997). Although a second putative TG-
CATT early promoter motif was present at 287 nt from
the Se117 start codon (Fig. 2), transcripts using this
promoter were not detected. This could be caused by the
somewhat unusual spacing, only 13 nt, between the TATA
box and the TGCATT sequence (Roeder, 1991; Lu and
Miller, 1995). Furthermore, this putative early promoter is
not completely consistent with the arthropod initiator cap
site consensus [A(A/C/T)CA(G/T)T] (Cherbas and Cher-
bas, 1993).
Western blot analysis detected a 26-kDa protein spe-
cific for Se116 from 48 h p.i. (Fig. 4A). This is somewhat
unexpected because Se116-specific transcripts could be
detected as early as 8 h p.i. (Fig. 3). The inability to detect
the Se116 protein earlier than 48 h p.i. may be due to the
low level of Se116 protein present at earlier time points
and or the low affinity of the Se116 antiserum. The cross-
reactivity of the Se116 antiserum with a cellular protein of
;46 kDa could be either due to the presence of a
nonrelated protein or to a putative cellular cognate of
Se116, which may be downregulated upon infection.
The Se117 translation product appeared to be a struc-
tural ODV-specific protein expressed already from 8 h p.i.
onwards as detected by Western blot analysis (Figs. 4B
and 6B). Such an early expression start is not often found
for structural baculovirus proteins as they usually contain
baculovirus consensus late promoters (Funk et al., 1997).
However, Se117 is probably not the only baculovirus
gene, which is expressed early in infection and encodes
a structural virion protein since the SeMNPV odv-e66,
vp80capsid, vp39capsid, and p74 genes (IJkel et al., 1999)
also possess early promoter motifs as do other baculo-
virus structural genes. It remains to be investigated,
however, whether the latter genes use their early pro-
moter motifs as transcription start sites. An alternative
possibility is that the Se117 protein possesses different
functions early and late in infection.
N-P40 fractionation of SeMNPV ODV revealed that the
Se117 protein is predominantly associated with the nu-
cleocapsid fraction. This technique has previously been
used to recover intact nucleocapsids (Thiem and Miller,
1989). Since the Se117 protein was only detected in the
presence of protease inhibitors upon fractionation, it
resides most likely at the outside of the ODV nucleocap-
sids, where it is easy accessible for proteases. The
localization in ODV nucleocapsids is in agreement with
(i) the computer predicted absence of a potential signal
peptide, GPI anchor, or hydrophobic transmembrane do-
main in the Se117 sequence, indicative for envelope
localization (Hong et al., 1997), (ii) the sensitivity of the
AcMNPV major nucleocapsid protein for proteolytic deg-
radation only upon N-P40 treatment in contrast to the
ODV P74 envelope protein (Faulkner et al., 1997), and (iii)
the absence of the AcMNPV tegument protein, GP41, in
the nucleocapsid fraction of ODVs upon N-P40 fraction-
ation (Whitford and Faulkner, 1992). The small amount ofSe117 protein detected in the envelope/tegument frac-
tion supports the supposition that it resides at the out-
side of the nucleocapsid.
All baculovirus nucleocapsid proteins studied to date
are present in both BV and ODV (Funk et al., 1997). Based
on the results of SDS–PAGE analyses of AcMNPV BV and
ODV nucleocapsids, it was hypothesized that their pro-
tein compositions would be different (Braunagel and
Summers, 1994). The 23-kDa Se117 protein is a good
candidate of an ODV-specific nucleocapsid protein. The
absence of the Se117 protein in BV (Fig. 6B) supports this
conclusion. It is possible that the Se117 protein is
present in BV in a nondetectable form when using the
Se117 antiserum. The latter explanation, however, is un-
likely since no fluorescence was observed at the plasma
membrane for the Se117 GFP–fusion protein in SeMNPV-
infected Se301 cells (Fig. 5F).
The region between the gene homologs of Ac38 and
Ac40 differs in many baculoviruses (Lapointe et al.,
2000). Like in SeMNPV, an Ac39 homolog is also absent
in OpMNPV, LdMNPV, and the granuloviruses PxGV
and XcGV, where, respectively, an extensive inversion
(Ahrens et al., 1997), replacement with a second
AcMNPV ORF25 (dbp) homolog (Kuzio et al., 1999), and
two deletions were observed (Hayakawa et al., 1999;
Hashimoto et al., 2000) compared to the AcMNPV ge-
nome. Therefore, this baculovirus region can be consid-
ered as a “hot spot” for genome rearrangement. SeMNPV
inserted two unique genes, Se116 and Se117, in this
hypervariable region that share a significant degree of
amino acid homology but not nucleotide sequence ho-
mology. It is intriguing that both Se116 and Se117 anti-
sera showed cross-reactivity to a cellular protein (Fig. 4);
this supports a hypothesis that both genes could be
derived from cellular origin. If so, Se117 has evolved to a
structural SeMNPV ODV nucleocapsid protein, while the
function of Se116 still remains enigmatic. Also the func-
tion of the highly homologous N -terminus of both pro-
teins may be important for their putative functions.
Upon SeMNPV infection, the Se116 and Se117 GFP–
fusion proteins were primarily localized in a network of
granular material, known as the virogenic stroma. The
virogenic stroma is considered a de novo product of
baculovirus infection in which progeny virions are as-
sembled (Williams and Faulkner, 1997). Because both the
Se116 and Se117 proteins are only present (as of yet) in
SeMNPV, they may play a specific role in virion assembly
process or virogenic stroma arrangement. As a minor
component of the ODV nucleocapsid, the Se117 protein
may function as a scaffold protein in ODV nucleocapsids
or could be involved in early infection events, like nu-
cleocapsid entry or transport once fusion occurred. Fu-
ture studies using SeMNPV site-specific and null mu-
tants will determine the significance of these genes in
the SeMNPV infection cycle and shed light on their
potential role in the host specificity and virulence.
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Computer-assisted analysis
Se116 and Se117 (IJkel et al., 1999) were analyzed
using software of the Predict Protein server (Rost, 1996)
and the ExPASy server (Appel et al., 1994) for the predic-
tion of domains, motifs, transmembrane regions, and
subcellular localization (Reinhardt and Hubbard, 1998).
DNA and protein comparisons with entries in the up-
dated GenBank/EMBL, SWISS-PROT, and PIR databases
were performed with BLASTn, FASTA, and Psi-BLAST
programs (Pearson, 1990; Altschul et al., 1997). Multiple
sequence alignments were performed with the GCG
PileUp computer programs with gap creation and exten-
sion penalty set to 8 and 2, respectively (Devereux et al.,
1984). Alignment editing was performed with Genedoc
Software.
Plasmid constructions
The complete coding regions of Se116 and Se117 were
amplified by high-fidelity “Expand” long-template PCR
(Boehringer Mannheim) from plasmid pHBg6.2 (IJkel et
al., 1999) using primers containing 59 BamHI and 39
HindIII restriction sites and cloned into pGEM-T. The
plasmids were named pGEMSe116 and pGEMSe117 and
used for production of gene-specific riboprobes. The
plasmids pTriExSe116 and pTriExSe117 were obtained
by cloning the BamHI/HindIII fragments from
pGEMSe116 and pGEMSe117 into the BamHI and HindIII
sites of the expression vector pTriEx-1 (Novagen) in
frame with the HSV and His-tag sequences. These plas-
mids were used for overexpression of the Se116 and
Se117 proteins in E. coli. To determine the localization of
Se116 and Se117 in insect cells, GFP–fusion constructs
were made. The complete coding regions of Se116 and
Se117 were amplified by high-fidelity “Expand” long-tem-
plate PCR (Boehringer Mannheim) from plasmid pHBg6.2
(IJkel et al., 1999) using primers containing 59 BamHI and
39 EcoRI restriction sites and cloned into the BamHI and
EcoRI sites of the previously described p166AcV5-GFP
vector (IJkel et al., 2000) and named p166Se116-GFP and
p166Se117-GFP, respectively. Plasmid DNA was purified
using Jetstar columns according to manufacturer’s pro-
tocol (ITK Diagnostics). For each construct, the nucleo-
tide sequence was checked using an automated DNA
sequencer (Wageningen University, The Netherlands).
Cells, insects, and viruses
The Spodoptera exigua cell-line Se301 (Hara et al.,
1995) and the SeMNPV-US1 isolate (Gelernter and Fed-
erici, 1986; Mun˜oz et al., 1998) were maintained and
propagated as described previously (IJkel et al., 2000). A
culture of S. exigua insects was maintained according to
Smits and Vlak (1988). SeMNPV protein synthesis wasinhibited by adding cycloheximide (100 mg/ml, Sigma) to
he Se301 cells 30 min before infection.
otal RNA isolation, Northern blot, RT–PCR,
nd 39 and 59 RACE analysis
Total RNA was isolated from 2 3 106 mock-infected
and SeMNPV–US1-infected Se301 cells (m.o.i. of 5
TCID50 units/cell) at 0, 4, 8, 16, 24, 48, and 72 h p.i. Total
NA was also isolated from fat body tissue obtained
fter dissection of six mock-infected and SeMNPV–US1-
nfected S. exigua larvae (1.7 3 104 polyhedra/larva) at 0,
8, and 72 h p.i. Cells and tissue were resuspended in
00 ml Trizol (GibcoBRL) and 100 ml chloroform, incu-
bated for 8 min, and centrifuged at 14,000 g for 15 min at
4°C. The RNA in the water fraction was precipitated
using isopropanol, centrifuged at 14,000 g for 10 min at
4°C, washed with 70% ethanol and resuspended in 50 ml
ater. The RNA solutions were incubated at 55°C for 10
in and quantified by absorbence at 260 nm.
For Northern blot analysis, 8 mg of total RNA was
electrophoresed in 1.5% agarose in the presence of
glyoxal (Ausubel et al., 1994) and blotted onto a Hybond
N nylon membrane (Amersham). The Northern blot was
hybridized with a Se116 or Se117 messenger-specific
riboprobe generated by T7 and SP6 polymerase, respec-
tively, with [a-32P]CTP and BamHI-digested pGEMSe116
and pGEMSe117. Fragment sizes were determined by
staining the molecular weight marker (Promega RNA
marker) with methylene blue after transfer onto the mem-
brane.
RT–PCR was performed using the 59/39 RACE kit
(Roche) employing 2 mg purified total RNA as template
er time point. First-strand cDNA synthesis was per-
ormed using AMV reverse transcriptase and the
ligo-dT anchor primer according to manufacturer’s in-
tructions. The cDNA-mixtures were amplified by PCR
sing the PCR anchor primer and the gene-specific prim-
rs Se116SP1 or Se117SP1 (Fig. 2). The obtained PCR
roducts were analyzed in 1.2% agarose gels.
The amplified RT–PCR products of 8 and 16 h p.i. were
sed to determine the 39 end of the Se116 in vitro mes-
enger, while the RT–PCR products of 4 and 24 h p.i.
ere used for the Se117 in vitro messenger. The 39 ends
f the Se116 and Se117 transcripts isolated from fat body
issue were determined using the amplified RT–PCR
roducts of 48 and 72 h p.i., respectively. All PCR prod-
cts were gel purified, cloned into pGEM-T, and se-
uenced with T7 or SP6 primers.
The 59 ends of the Se116 and Se117 transcripts were
etermined using the 59/39 RACE kit (Roche) employing 2
mg purified total RNA as template per time point (Se116:
8 and 48 h p.i.; Se117: 4 and 48 h p.i.). Briefly, first-strand
cDNA synthesis was performed with the gene-specific
primers Se116SP2 and Se117SP2 (Fig. 2). The cDNAs
were purified with the High Pure PCR purification kit
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the terminal transferase with dATP. The tailed cDNAs
were amplified by PCR using the oligo-dT anchor primer
and the nested gene specific primer Se116SP3 or
Se117SP3 (Fig. 2). A second PCR was performed using
the PCR anchor primer and the nested primer Se116SP4
or Se117SP4 (Fig. 2). The obtained PCR products were
gel purified, cloned into pGEM-T, and sequenced with T7
or SP6 primers.
Production of polyclonal antibodies
Cultures of E. coli Bl21 containing pTriExSe116 and
TriExSe117 were grown to an optical density at 600 nm
f 0.5 and induced with 1 mM isopropyl-b-D-thiogalacto-
pyranoside (IPTG). After 4 h at 37°C, cells were collected
by centrifuging at 6500 g for 15 min at 4°C, resuspended
in 20 mM Tris–HCl (pH 7.5), lysed with lysozyme, soni-
cated, and centrifuged at 14,000 g for 10 min at 4°C. The
insoluble fractions were washed with 20 mM Tris–HCl,
pH 7.5 and resuspended in 1% SDS. Aliquots of the
soluble and insoluble fractions were electrophoresed in
12.5% SDS polyacrylamide gels according to Laemmli
(1970) and stained with Coomassie brilliant blue.
The insoluble fractions containing the Se116 or Se117
proteins were purified by continuous-elution electro-
phoresis using the Model 491 Prep Cell (Bio-Rad) ac-
cording to manufacturer’s protocol. Elution fractions
were collected and electrophoresed in 12.5% SDS poly-
acrylamide gels, and the protein bands were visualized
by silver staining (Morrisey, 1981). Fractions containing
Se116 or Se117 were pooled and dialyzed for 36 h
against running buffer without SDS. The samples were
concentrated by freeze-drying and dissolved in H2O. Pro-
tein concentrations were determined with the Bio-Rad
protein assay (Bio-Rad). Two rabbits were injected intra-
muscularly with 100 mg purified Se116 or Se117 protein in
Specol (ID-Lelystad, The Netherlands). The rabbits were
boosted after 7 days with 300 mg purified protein. Serum
was collected 2, 4, 6, and 8 weeks after the boost injec-
tion. Western blot analysis using E. coli BL21 extracts
expressing pTriExSe116 or pTriExSe117 and PREP-cell
purified Se116 or Se117, which were verified by Western
blot analysis with a His-tag antibody (Clontech), were
used to test the production of specific antisera.
Western blot analysis
Monolayers of Se301 cells were mock or SeMNPV-
US1 infected at a m.o.i. of 5 TCID50 units/cell. Cells were
harvested at 0, 4, 8, 16, 24, 48, and 72 h p.i., pelleted,
resuspended in PBS, and lysed in SDS–PAGE loading
buffer by boiling for 5 min. Protein samples were then
separated by SDS–PAGE and transferred on Immo-
bilon-P nitrocellulose membrane (Millipore) by semi-dry
electrophoresis transfer (Ausabel et al., 1994). The mem-
branes were incubated overnight in 10% block solution(Boehringer Mannheim) in TBS–T buffer (50 mM Tris–
HCl, 200 mM NaCl, 0.1% Tween 20, pH 7.6) at 4°C. The
membranes were allowed to react in TBS–T with Se116
or Se117 antiserum diluted 1:5000 for 1 h at room tem-
perature. After washing in TBS–T (three times 15 min),
the membranes were incubated for 1 h at room temper-
ture with horse radish peroxidase-conjugated donkey
nti-rabbit immunoglobulin (Amersham) diluted 1:5000 in
BS–T. After washing in TBS–T (three times 15 min), the
ignal was detected by ECL technology as described by
he manufacturer (Amersham).
urification of SeMNPV BV and ODV
Eight hundred S. exigua fourth-instar larvae were in-
ected by contamination of artificial diet with SeMNPV-
S1 polyhedra (103 LD99) (Smits and Vlak, 1988). To
purify BVs, 15 ml of hemolymph was collected 3 days p.i.
in 0.5 ml 0.13 TE [TE is 10 mM Tris (pH 7.5), 1.0 mM
EDTA] containing 5 mM phenylthiocarbamide to inhibit
prophenoloxidase activity. Hemolymph was clarified
twice at 3000 g for 10 min at room temperature. The
supernatant was filtered (0.45 mm filter) and the filtrate
overlaid onto a 35-ml 25–50% continuous sucrose gradi-
ent in 0.13 TE. Gradients were centrifuged at 100,000 g
for 120 min at 4°C (Beckman SW28, 24,000 rpm). The BV
band was collected, diluted twice, and centrifuged at
100,000 g for 90 min at 4°C (Beckman SW28, 24000 rpm).
The virus pellet was resuspended in 200 ml 0.13 TE.
Polyhedra were purified from larvae as described pre-
iously (IJkel et al., 2000). Briefly, ODVs were liberated
rom polyhedra (40 mg/ml) by incubating at room tem-
erature for 15 min in 0.1 M Na2CO3, 166 mM NaCl, and
0 mM EDTA, pH 10.5. Undissolved polyhedra were re-
oved by low-speed centrifugation for 5 min (500 g). The
supernatant (5 ml) was layered onto a 35-ml, 25–56%
(w/w) continuous sucrose gradient in 10 mM Tris–HCl,
pH 7.5 and centrifuged at 100,000 g for 90 min at 4°C
(Beckman SW28, 24,000 rpm). The multiple virus bands
were collected, washed by dilution in 0.13 TE, concen-
trated by centrifugation at 55,000 g for 60 min at 4°C
(Beckman SW41, 18,000 rpm), and resuspended in 0.13
TE. The purity and integrity of BVs and ODVs were
checked by electron microscopy.
Fractionation of virions into envelope and
nucleocapsid
Virus was fractionated into envelope and nucleocap-
sid using a modification of the protocol of Braunagel and
Summers (1994). In a 250-ml reaction, 250 mg of ODV was
incubated in 1.0% N-P40, 10 mM Tris, pH 8.5, at room
temperature for 30 min with gentle agitation. The solution
was then layered onto a 5-ml 30% (v/v) glycerol/10 mM
Tris (pH 8.5) cushion, and centrifuged at 150,000 g for 60
min at 4°C (Beckman SW55, 35,000 rpm). The envelope
proteins were recovered from the top of the gradient,
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(4000 g, 30 min), and the pellet was dissolved in 10 mM
Tris (pH 7.4). The pelleted nucleocapsids were resus-
pended in 10 mM Tris (pH 7.4). This fractionation proce-
dure was also carried out in the presence of the protease
inhibitor cocktail Complete according to manufacturer’s
protocol (Boehringer Mannheim).
Fluorescence microscopy
Se301 cells (3 3 105) were grown on glass cover slips
and transfected with 5 mg of plasmid DNA using Cellfec-
in (GibcoBRL). Cells were superinfected with SeMNPV
ith a m.o.i. of 5 TCID50 units/cell 24 h posttransfection.
t 48 h posttransfection or 48 h p.i., the cells were
xamined with a Zeiss LSM510 (confocal) laser scanning
icroscope for fluorescence using an excitation wave-
ength of 488 nm and an emission band pass filter of
05–530 nm.
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